Sound is an effective exogenous factors which affecting human brain processing mechanisms. This research was quasi experimental study that was carried out among 70 students to evaluate the effect of sound frequency on human noise annoyance.
Introduction
Over the past decades, noise pollution caused by industrialization has become a main concern worldwide because of its adverse effects on human well-being [1] . Noise is unwanted or undesirable sound. Noise can be either occupational or environmental, depending on its source. The Exposure of occupational noise occurs in the workplace and environmental noises are produced from all other nonworkplaces including roads, railways, airports, and even neighborhoods [2] [3] [4] . Sound is one of the most effective exogenous factors which affecting the processing mechanisms of the brain including attention and reaction time. Exposure to noise pollution is considered to be an environmental hazard, which plays a major role in environmental health [5] . The WHO has accepted environmental noise as harmful pollution that causes adverse psychosocial and physiologic effects (such as, annoyance and sleep disorder) on human health [6] . The significant effect of sound on human health is well-known phenomenon [5] . So that the biologic plausibility for noise stress-related cardiovascular responses is well established [7] an association between noise exposure and sleep quality have found by diverse epidemiological studies, but the mediating role of annoyance is unclear for this association [8] . Mental annoyance caused by noise pollution is a common phenomenon in modern societies, especially in industry [5] . Lindvall has introduced noise annoyance as "a feeling of displeasure associated with any agent or condition (related to sound) that is believed to affect adversely an individual or a group" [9] . Generally, noise annoyance is defined as a negative evaluation of environmental conditions, but its connotations are rather broad and diverse. The concept is accompanied with disturbance, aggravation, dissatisfaction, concern, bother, displeasure, harassment, irritation, nuisance, vexation, exasperation, discomfort, uneasiness, distress and hate. We will not discuss the conceptual and methodological problems of the annoyance concept here; this was previously has done by Guski 1997 [10, 11] . Disturbing and unpleasant sound may cause anger and irritability among people. Noise is often discussed for psychological costs. Various studies have indicated that Noise annoyance is dependent on Psychological and physiological characteristics of the individual [5] . Therefore, various studies have investigated the factors affecting noise annoyance. According to the results of the study, even exposure to lowintensity background noise could lead to increased energy consumption and disruption of spatial attention [12] . Sound causes anger and mental disorientation. It does not require sound to be intense but a wall clock tick in a waiting room is enough to affect the sensitive and susceptible people causing their anger and aggression. In industrial environments, no process is carried out with 100% efficiency and unfortunately part of the desired performance becomes unwanted and unwanted products [13] . A study by Muzet and colleagues in 2007 showed that sound in disrupts mental works more than physical activity and when it is more than 90 dB, it increases energy to maintain a state of consciousness [14] . A study that was carried out in 1968 to examine the various effects of sound on complex tasks found that in exposure to noise increasing the complexity of the work activity, the number of errors increased which reduced the error rate by simplifying these activities [15] . Finally, investigating and studying noise emissions and related annoyance is important from different points of view since noise affects the environment quality, the resident's satisfaction as well as their well-being and health [16] . Various studies have shown that sound can affect the concentration, attention, alertness, accuracy, and stress of individuals. But there are some studies in this field that the effect of sound level has been raised in most studies and sound is considered as a single variable and various audio features including the frequency of sound have not been investigated. In the meantime, Sound frequency is one of the most important factors that have a major effect on noise abnormalities. And the important point is that the change in any of the sound variables such as intensity, pressure, and frequency of sound may result in a change in each of the complications expressed. On the other hand, various studies have indicated that noise annoyance is dependent on psychological and physiological characteristics of the individual. And the first important feature in demographic variables is Sexual difference between persons exposed to different sound frequencies. There are very few researches in relation to the sound frequency or sound with different frequencies and or there are many contradictions in the results of existing studies, which leads to a lack of a logical conclusion [5, [17] [18] [19] . Therefore the aim of the study is to investigate the effect of sound with different frequencies on noise annoyance by gender.
Method
This research was quasi experimental study as before and during exposure that in which the effect of different sound frequencies on noise annoyance were studied on men and women. This study was conducted in 2017 on 60 students of Gonabad University of Medical Sciences who were selected by simple random sampling method. Sample size was determined 70 participants based on the study objectives and based on the formula for calculating the sample size in analytical observational and interventional studies (the following formula), and using the same study [20] . In this study, the sample size was calculated using the study of Ali Mohammadi et al [20] . Accordingly, in this study, the mean before and after the study was 2.6 and 2.15 and the standard deviation before and after was 0.22 and 1.29. The sample size was calculated at 95% confidence level. Inclusion and exclusion criteria for this study included: all students who tend to participate in the study and do not have any specific mental and hearing ailments. All were students and their ages were ranged from 18 to 25 years old. Participants aged fewer than 18 or over 25 were excluded from the study. Because there are many interfering factors on human response to sounds of different frequencies so far no study has been done in this regard. In order to remove these factors, university students were selected to conduct the study as a community has more common characteristics than other groups of society. In this study, participants were included that was similar in sexual, age and physical conditions who were similar in age range and suffering from any diseases and cardiovascular disorders and mental-psychological disorders. In this study, to eliminate interference due to the cumulative effects of sound at different frequencies, participants were tested with only one frequency of sound each day only. A pilot test was carried out before the main measurement, in order to familiarize participants with the test method. Measurements and tests in this study were performed at various frequencies of 500, 1000, 2000, 4000 and 8000 Hz. Sound.exe software was used to determine the sound with different frequencies, The TES 52 A manufacturing facility in Taiwan was used to determine the accuracy and frequency of the sound, after adjusting the sound in terms of intensity and frequency, noise annoyance tests were performed [21] . Because the sound was not tolerated for more than 10 seconds at some frequencies, the exposure time was 10 seconds. Noise annoyance was determined based on the acoustic questionnaire "Acoustics --Assessment of noise annoyance by means of social and socio-acoustic surveys" which is available in the ISO / TS 15666 standard [22] . This scale contains numbers from 0 to 10, which zero means represents no annoyance and the number 10 also shows excessive annoyance. If the responses of workers are in the range of 2-0, 4-2, 6-4, 8-6, or 10-8, they indicate no annoyance, mild annoyance, moderate annoyance, high annoyance and excessive annoyance. The data were analyzed by using SPSS-21 and the significant level was less than 5%. Regarding the data was normal, the ANOVA and t-test were used to analyze the data. This study was approved at the University's Ethics Committee and before the study; all participants were justified about the method and the objectives of the study.
Results
In this study, 70 students of Gonabad University of Medical Sciences, 35 were female and 35 males were selected and studied. The average age of males was 21.12 years with a standard deviation of 0.13 and the mean age of females was 19.91 years with a standard deviation of 0.1. The results of the measurement of noise annoyance at various frequencies are shown in Table 1 . According to the results of this study, the highest degree of noise annoyance is at 4000 and 8000 Hz. The results of the measurement of noise annoyance are shown in Figure 1 .
Figure 1 The results of measuring the degree of noise annoyance at different noise frequencies
According to the results of Table 1 and Figure  1 , the increasing in the frequency of sound from 500 to 8000 Hz lead increases the level of noise annoyance and the highest noise annoyance occurs at 4000 and 8000 Hz. Results of ANOVA test on determining the relationship between sound frequency and noise annoyance showed that there is a significant relationship between noise annoyances with different frequencies (p<0.0001). The results of determining the degree of noise annoyance at different frequencies by female and male are shown in Figure 2 .
Figure 2 Results of determination of noise annoyance at different frequencies in females and males
Results of measurement of the degree of noise annoyance at different frequencies in female subjects are shown in Table 2 . According to Figure 2 and Table 2 ; the maximum degree of noise annoyance in female subjects is at 4000 Hz, and the frequency of previous and subsequent frequencies of 4000 Hz decreases the degree of noise annoyance. Results of measurement of the degree of noise annoyance at different frequencies in male participants are shown in Table 3 . According to the results of Table 3 in male subjects the highest degree of noise is at 8000 Hz. And from 500 to 8,000 frequencies, by increasing in the frequency, the noise annoyance increases. The results of the t-test for determining the significance of noise annoyance between males and females showed that there is a significant difference between male and female noise annoyance (p<0.05).
Discussion
Noise can cause both physiological and psychological stress. The most investigated potential effects of noise exposure are sleeping disturbance annoyance, cognitive impairment of children, and cardiovascular effects but the evidence on the potential effects on mental health is relatively scarce. In the present study, the results of the measurement of noise annoyance at different frequencies showed that the maximum degree of noise annoyance is at 4000 and 8000 Hz, and with increasing the frequency of sound from 500 to 8000 Hz, the degree of noise annoyance increases and at frequencies of 4000 and 8000 Hz There is the highest amount of noise annoyance. The results this study showed that there is a significant relationship between noise annoyances with different frequencies. In a study that examined the effects of low-and broadband frequency sound on employees of the control room of the power station and the cement plant found a linear relationship between noise exposure and noise annoyance and stated that the effect of the low frequency sound in noise annoyance is higher than the effect of broadband noise [23] . The World Health Organization (WHO) states that increasing the age causes people to experience hearing loss at high frequencies and this reduces the individual's sensitivity to mid-high frequencies [24] . Therefore, it can be said that older people receive more noise at lower frequencies because of the lowering of the underlying sound effect [24] .
Based on the comparison of the results of this study with the results of other researches, it seems that in addition to the frequency of sound individual factors such as age and sex as well as physical factors related to sound such as intensity of sound affects amount of noise annoyance at various frequencies. On this basis, under certain conditions, it is possible that the amount of noise in the high frequencies is higher than the low frequencies and in other situations the result may be the opposite. Considering that in the present study, noise annoyance at different frequencies with a sound intensity of 45 dB was determined. Therefore, it is suggested that in other studies the degree of sound irritation in different age groups and different acoustic intensities should be considered. In most studies in this area, the effect of sound intensity has been raised and few researches have been carried out in relation to the frequency of sound. Most of the studies that have been done in this area are related to low-frequency sound. Low frequency sound is broadband sound that has a frequency range of 20 to 200 or 10 to 250 Hz [25] . The main sources of low frequency audio include ventilation systems, pumps, compressors, diesel engines, gas turbines, and so on. The importance of examining the low frequency sound is documentation of WHO is also high [26] . Low frequency sound is less attractive compared to high frequency sounds and the existing laws relating to its control are not satisfactory [27] . In a study that investigated the effect of low frequency voice on mental performance, it was revealed that low-frequency sound reduced mental function [28] . The other study was found that low-frequency sound at moderate levels (50 dB) may have a negative impact on focus and attention especially in low-frequency sensitive people [29] . In the study of Iran two types of low frequency and reference sounds have been used in each one with 45 and 65 dB (A) levels. In this mentioned research, memory and tracking and math tests were used to measure mental performance. The results of this study showed that low-frequency sound with a density of 65 dB significantly reduced concentration and increased speed compared to low frequency with 45 dB. On the other hand, the reference sound of 65 dB in comparison with the reference sound of 45 dB significantly increased the speed [30] . Studies have focused on the importance of human factors (individual characteristics) in causing irritation. One of these is the impact of personal characteristics in dealing with sound [31] . A number of empirical and clinical studies have shown that exposure to noise activates the central nervous system and therefore accelerates the response to some stressors [32] . There is some evidence that the cultural-social differences significantly affect the response to the noise [32] . Given that exposure to sound in people has had different effects, it seems that these differences are related to the personality traits of individuals (introversion-extraversion). Eysenck in his study found that introverts were more intrusive than extrovert people [33] . During this research, there were some limitations and issues that could be mentioned such as the reluctance and willingness of students to participate in the research due to sound irritation. In addition, the paramets and personality traits of individuals such as introverted or outsourced and may be relevant to the results of the research that are proposed to be studied in future studies. In addition, the combination of different intensity and frequencies may have different outcomes it is necessary that this item be considered in subsequent studies.
Conclusion
The present study showed that the maximum degree of noise annoyance is at 4000 and 8000 Hz. In general, research on sound effects has a vague image on mental performance. One of the reasons for this finding may be due to individual differences in overall sensitivity to sound and sound sensitivity with different frequencies. In addition to sound, there are other environmental factors that may affect cognitive functions.
